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This note describes a calculation of readout inefficiency associated with noise and/or 
background hits filling the available buffers in the readout electronics.  For example, the 
KPix readout chip has four readout buffers.  Once those buffers are filled, any further hits 
are not recorded, introducing inefficiency in that detector channel. 
 
Since the rate of hits from physics events is much lower than the rate of background hits, 
we shall look specifically at the case where background events fill up the buffers before a 
desired physics event occurs.  For example, with four buffers we would like to know the 
fraction of beam crossings that occur after the fourth background hit is recorded. 
 
In this example, a bunch train that has less than four background hits will have no 
inefficiency.  If the bunch train of Nb bunches has it’s 4th background hit in crossing 
number X4, then the following Nb – X4 beam crossings will be dead, giving an efficiency 
ε(X4) of: 
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Note that for the purpose of this calculation, the coincidence of a background hit and a 
physics hit, while generally small, is not considered to be a source of inefficiency since a 
hit will be recorded. 
 
Background hits are assumed to occur at random.  For an average number of background 
hits per train BG, the probability p for a given beam crossing to have a background hit is 
given by Poisson statistics 
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We are interested in the case where BG << Nb, so the effect of multiple background hits 
in a single beam crossing is small and we have to good approximation 
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The probability P(X4) of having the fourth hit in beam crossing X4 is p times the binomial 
probability that there were exactly 3 hits in the previous X4 -1 beam crossings 
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The total inefficiency 1-ε is obtained by summing the inefficiency (1-ε(X4)) weighted by 
the probability P(X4) of having the fourth background hit in bunch X4 over all values of 
X4. 
 
))(1()(1 4
4
4
4
XXP
BN
X
∑
=
−⋅=− εε . 
 
Generalizing this to the case where there are B buffers, we have 
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Figure 1 shows the inefficiency as a function of the average number of background hits 
per train for 1 – 6 buffers.  The inefficiency rises steeply with increasing number of 
background hits.  For the case of four buffers, a background rate of 1 background hit per 
train gives an inefficiency of 0.4%.  Note that under these same conditions, the fraction of 
bunch trains with four or more background hits is 1.9%.  Thus, taking into account the 
detector livetime up to the fourth background hit substantially reduces the inefficiency. 
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Figure 1: Inefficiency due to filling up the readout buffers versus the average number of background hits in 
a train for 1 - 6 readout buffers. 
 
The above calculations do not depend on the source of background.  They could be from 
real hits, such as from the pair background, or detector noise.  All sources of background 
and noise hits must be summed to obtain the total background rate. 
 
The average number of background hits from electronic noise is very sensitive to the ratio 
of the discrimination threshold and the electronic noise.  Figure 2 shows the expected 
number of noise hits in a train as a function of the threshold to noise ratio.  The number 
of noise hits increases rapidly with decreasing threshold / noise ratio, with a ratio of ~4 or 
better required if the number of readout buffers is to be kept small. 
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Figure 2: Average number of noise hits per train versus the ratio of discriminator threshold to electronic 
noise. 
 
The steep rise in inefficiency with increasing background rate argues for incorporating a 
healthy safety margin into the readout design.  For the case of four buffers, a factor of 
two increase in background rate causes an approximately order of magnitude increase in 
inefficiency.  While these calculations indicate that four buffers have a presumably 
tolerable 0.6% inefficiency operating with 1 machine background hit per train and a 
threshold – noise ratio of 4, there is little margin for error.  Furthermore, since the 
inefficiencies potentially depend on changing machine conditions and the prior history of 
events in the train, correcting for these inefficiencies in physics analyses may be prove to 
be non-trivial.  
 
In summary, the inefficiency due to the finite number of readout buffers has been 
explicitly calculated.  For the case of four buffers, a background rate of 1 per train gives 
an inefficiency of 0.4%.  The inefficiency increases rapidly with increasing background 
rate, with a factor of two change in background rate giving an order of magnitude 
increase in inefficiency, arguing for a substantial safety margin.  By taking into account 
the livetime prior to the fourth background hit, this calculation yields a factor of ~4 lower 
inefficiency than would be found by rejecting the entire train when there are four or more 
background hits. 
